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ROLLING AND YAWUWG MOMENTS IN LEVEL FLIGHT
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SUMMARY

This report presents the results of an investigation of the rolling and yawing moments due to
ailerons of mrious chords and ~pans on two airjoils hating the (I’ark Y and 17.S. A. 27 wing .section~.
Some attention is deroted to a study of the e~ect of scale on rolling and yam”ng moments and to the
e$ect of slightly rounding the wing tips.

The results apply to lecel jlight u,itli the wing chord set at an angle of attack oj + Jo and to
condition~ of zero pitch, zero yaw, and zero roll of the airplane. It is planned later to eztend the
investigation fo other attitudes for monoplane and bipZane combinations.

Tlte work was condwded in the 10#oot wind tunnel OJ the Bureau of Nandari?s (fig= 1) on
m0de18 of 60-incL span and 10-inek chord.

Fm. 1

INTRODUCTION

The investigation was undertaken for the Aeronautics Branch of the Department of Com.-
meree in cooperation with the N~atiomJ Advisory Committee for Aeronautics for the. purpose of
making avaiIable to the industry data relative to the rolling and yawing moments due to con-
ventional ailerons on some representative American wing sections. But Iifitle systematic work
has been done along this line, the outstamling contributions being those of Archer (Reference I)
and Irving, Ower, and Hankim (Reference 2).

DESCRIPTION OF APPARATUS AND MODELS

TEE wIND TUNJ’EL

The air is drawn through the It)-foot wind tunnel by means of a four-blade l+t.-foot tractor
propeller driven by a 200-HP. direcixurrent motor. The lower and upper limits of the speeds
avaiIable are, respectively, 20 feet per second and 100 feet per second. A calibration of the
tunnel for speed distribution, which w-as made in the area subsequently occupied by the model,
showed the speed to be -uniform within + 1 per cent.
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AIRFOILS

The wing models, 60 inches span and 10 inches chord, shown in Figures 2 and 3, were co~-
structed of ~-inch mahogany strips and on completion showed a maximum deviation from the
templates of * 0.02 inch. The metal templates were constructed accurately to the dimensions
of the two sections as given in N. A, C. A. Technicil Report h~o. 233. It was felt that this
deviation was permissible in wooden models of this size. Two models of each wing were pre-
pared, in order to permit tests in biplane combination.

Figure 3 illustrates the method adopted for obtaining a variation of aileron chord and span.
The ailerons of varying chord were built into the right portion of the wing, those of varying span

Z chord O 1.25 2.5 50 Z5 IO i5 20 .30 40 50 60 70 80 90 95 iOO
rU > 17?3.805076.946.22 9.[9F3501137 [[97[168 [~86 9.545.08 6.[0 3.692.26067

LLS.A.2T ‘.” “I AK 1.7? 0.50 0.360[9O.{00.02 O.IO 0.36 LZ931.14 0.?5 0.280,06 0,0! O.[20.33 06S
~lark ~r UP’C3.62.5.38 fi.43 %83 8.79.95610.63 /1.32 JI.66 ii37 10.499.13 ?34 52/ 2.79 L50 0. [2

(L.{? 3.561.86 {.42 0.910.59 Q39 0.120.080.000.000.00 0.000000.000.000.000.00

FIG. 2.—Dimensions of wing sections. Source, N. .4. C. A. Technical Report h70. 233

into the left portion of the wing.
Thus a study of the character-
istics of the individual ailerons
was possible through a rather
wide range of chord and span
variation.

The ailerons were so mounted
that- their axes of rotation were
midway between the upper and

lower surfaces of the wing. When under test, all slots were filled with wax and smoothed. The
section of the wing was consta~t along the span, there being no tapering or feathering,

ing

FUSELAGE AND UIiIVERSAL JOINT

The wings were mounted on a fuselage or fairing which formed the housing for a ball-bear-
universal joint from which the whole system was supported by a %.-inch mast-bolted and

Do)ted he indi-
cafes oui$iheof
rounded wing tI@S

-=%?%=
FLe.3.—Vargfng aileron chord end of wing, Clark Y section, showing

metho~ of hinging ailerons. U. S. A. 27 simikrly constructed

—

T[G. 4-.4rre.ngement of rolling and yawing moments

guyed by s~ay wires to the side of the tunnel. Provision was made for setting the wings at
various angles to the axis of the fuselage. The general arrangement of the set-up is shown in
Figures 4, 5, and 6.

ARRANGEMENT OF BALANCES

Forconveniencein observation, the model was mounted in the tunnel with the span of the wing
vertical, and the rolling and yawing forces were read on balances of the pendulum type (fig. 4).
Both balances were d.ibrated before making the observations. A further check was made on
the precision of the complete system by appIying known moments directly to the model.
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METHOD OF MEASUREMENT

Simultaneous readings of the rolling and yawing moments were made at speeds of 40, 5S.7,
End 80 feet per second (respectively, 27.3, 40, and 54.5 miles per hour) with the axis of the
fusdage parallel to the wind direction and -with the angle of incidence of the wing set at +-4°.
This setting corresponds to 0.55 of the maximum lift coefficient of the CIark Y wing and 0.52 of
the maximum lift coefficient of the U. “S. .4.27 wing. (Reference 3.)

Observations were m~de w-ith the ailerons set at angjes of 8° and 16° to the wing chord and at
4° intervals thereafter up to 44°. The afieron angIes were set by means of metal templates,
bui because of a slizht waru alorw the trailing edge of the aileron the precision of setting -was
+ 1°, the -dues given being the mean of the ~cIin;tiom at the tip and root of the aileron.

.—

>.-.

>s-.–. -’ w- -

+___
-

FIG. 5 FIG. 6

Indication of wnstead~ Eom- about the ailerons was noted early in the in-restigation in the
case of deron angIes grea~er than 16°. The effect of this burbling flow was so marked on the
rolling moment baIance that considerably heavier damping -was necessary than was used for
the y-awing moment balance. The region of greatest unsteadiness occurred in the neighbor-
hood of 24-0 aileron setting. The flow appeared to steady down somewhat for aileron angles
greater than 32°.

REDUCTION OF OBSERVATIONS

Small rolbg and yawing forces, =hich appeared to be due to the drag of the balance v+es
and possibly to a slight assymetry in the model, were noted at zero aiIeron angle in all cases.
Correction was made for these forces in the reduction of obsem-ations.

The resdts are expressed in the usuaI N. A. C. .4. form of absolute coefficients given below:’

cL=$~and cN=~
where CL and 0.v are the absoIute rolling and yatig moment coefficients for one aileron.

I-Note that the coefficients are bz$ed on wing dimemsom which are held constant throughout the Lnw?stigation; i. e.—
L= CL(IX& Cim%tant=CLQ X20.83

and N-= C.wXa czmstant = CSgX 8.N

—
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L and ATare respectively rolling and yawing moments in pounds-feet.

g=; P~=0.001189 ~’

b =wing span. in feet.

j= distance from center of rotation of mode] to end of tail.
(Note: This distance was chosen as closely representing the distance from the

center of gravity of the airplane to the leading edge of the elevator, )
S= wing area in square feet (chord length X span.)
V= wind speed in feet per second.
P=0.002378 slugs per cubic foot at 15° C. and 760 mm pressure.

The reference axes are body sxes and the directions are conventional, a moment tending to
produce clockwise rotation as viewed from the pilot’s seat being considered positive. The_ values
given in Tables I–1~~ and those plotted in Figures 7–20 refer to a single aileron on the right half
of the wing.

RESULTS

REPRESENTATIVE CURVES

Figures 7 and 8 are representative of plots of the observed values, reduced to the coeffi-
cients CL and CN, for varJ7ing aileron ang]es. Since ordy a slight scale effect was noted within
the range of speeds employed, a faired curve was drawn through all the points, and the values
given in Tables I—VIII and subsequently plotted were read from these CTwves.

ROUXDED AND RECTANGULAR TIPS

The models were originally made with corners rounded to a radius equal to 15 per cent of
the wing chord. These were afterwards filled in to form redangular tips, as it seemed desirable
to use a standard plan form for systematic tests. Some comparative observations were made,
and the results are plotted in Figure 9,

The effect of rounding the tips is negligible on the rolIing moment coefficient with the
aileron up, but is somewhat more pronounced in the cas; of the yawing moment coefficient.
Both rolling and yawing moment coefficients show slight increases when the rounded aileron is
put down.

EFFECT OF VA RYIh-G AILERON CHORD AND SPAN

Figures IO–21 and Tables I-IV present the major results of the investigation. The vaIues
of CL and CM are plotted against aileron chord or aileron span expressed in per cent of the
corresponding wing dimension. The coefficients due to various differential combinations are
obtainable by the use_of Tables 1–IV, and direct combinations of the values are given in Tables
V–TJIII and plotted in Figures 23–25.

ROLLIiXG MOMENT COEFFICIENTS

Comparison of the ratios of the rolling moment coefficients for ailerons in the up and down
positions shows that for corresponding angles the rolling moment due to the aileron in the up
position exceeds that due to the down aileron by from 2 to 85 per cent, depending on the wing

CLUp
section and the chord, span, and angle of the aileron. The larger ratios of CL doivn occur in the

case of the ailerons having ~ chord length 35 per cent of that of the wing. The increase of the
CL Up

ratio
CL down

as the aileron angle is increased is not marked in the case of ailerons of short chord

length, but becomes greater as the chord length is increased. For example, in the case of the aile-
C. Up

ron on the Clark Y wing whose chord length is 15 per ce;t of that of the wing the ratio of CL=

is 1.36 at 8° and 1.20 at 44°. For an aileron having the same span but with a chord length 35
c. up

per cent of that of the wing the ratio ~ dov,n is 1.24 at 8° and 1.85 at 44°. Lengthening the
L
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FIG. Il.—Clark Y wing. Aileron span 20 inches. .4i}eron chord
wrying. Ailemn down
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Fm, 19.—U, S. .4. 27 wing. Aileron span varying. .4ileron chord
2,5 inches. AiIeron down
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CLUP for Comspondingspan of the aileron redts in relatively small changes in the ratio
(7Ldown

aileron a~gles. Relationships of the same order occur in the case of the U. S. A. 27 wing.
Comparison of the curves and tabks will show thafi the differences in the rolling moments

produced by aiIerons of the same size on the two wings are not great. In general, an deron on
the CIark Y wing shows slightly greater rolling moment than the corresponding aileron on the
U. S. A. 27 wing for the same setting.

There appears to be no systematic relationship between aileron dimension a~d roLLing
moment except that art increased rolIing moment accompanies an increase in aileron span or
chord, the angle being held constant. In some cases an approximately Linear relationship
between the two quantities is indicated.

YAWIKG MOME&-T COE3?FICIEXTS

Coincident with the increase of the rolling moment coefficient as the aileron chord is in-
creased there is a.n increase in the yawing moment coefficiekk. In the case of the (lark Y wing .—

0.- up
with an aileron chord 15 per cent of the wing chord the ratio

(7Xdown
is 0.28 for an aileron angle

of 44°. This ratio increases to 0.62 for the ailerori whose chord is 35 per cent of the wing chord. —

“V ‘p decrea~es in w-due as the aileron chord is increased, for smalI angjes,The ratio ~V dom .

and increases as the chord is increased, for large angles, the minimum value occurring in the
neighborhood of 20°, depending on the wing section and the dimensions of the aileron.

In all cases a slightly negative yawing m~ment occurs in the case of both wings for aileron
angles below 12°. The aagle of zero yawing moment changes somewhat, decreasing as the
aileron chord is increased. The effect is more marked in the case of the Clark Y wing, where
the angle of the aiIeron for zero yawing moment is 26° when the aileron chord length is 15 per
cent of the chord. length of the wing. When the aileron chord length is increased to 35 per cent
of that of the wing, the angIe of zero yawing moment is decreased to 18”. For the same range
of variation in aileron chord length on the U. S. A. 27 wing, the angle of the aileron for zero
yawing moment decreases from 20° to 11°.

Within the limits of this investigation the ailerons on both wings show an approximately
Linear relationship between -yawing raomcmt coefficient and aileron chord. The relationship
between yawing moment coefficient and aileron span is also approximately linear.

YAWIh-G MOMEWI
‘Ano ‘F ROLIJXG MOMEXT

Inspection of the curves’ for # (figs. 14,15,20, 21) shows that the down aileron is the greater

contributing factor to the net yawing moment. The difference is most marked in the case of the

Clark Y wing (fig. 14), where the maximum -due for ~ with the aiIeron up is 0.15, approxi-

mately the same as the minimum value with the aileron down.

There appears to be no systematic. variation of ~ with span. The magnitude of the varia-
27

tions in ~ due to changes in span are smalI in comparison with those due to changes in chord

length.
.

There is a more nearly linear reIat.ion&ip between ~ and aileron chord or span for both

wings in the case of the up ~ileron.

COMBINED COEFFICIENTS

The values given in Tables I–IV for one aileron k correspon&ng up and down posihions
have been combined in Tables TT–VIII and are shown plotted in Figures 22–25.

.

~N’dethat $=0.417 ~fl due to the diEerences in the fsctors b an,d f in the roUin.g ~d yawfng moment equtiom.
CL
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There is a continued increase in the value of the combined rolling moment coefficient up
to 44° aiIeron and a decrease in slope of the curves in the neighborhood of 20°.

The curves of combined yawing moment coefficients indicate a tendency tovard a common
value in the neighborhood of 44°.

SCALE EFFECT

kfeasurements ~ere made for speeds ranging from 20 feet per second to sLightly above 80
feet per second on both airfoils and for aileron settings of 8° and 44° up and down. The -values
of rolling and yawing moment coei%cients are shown plotted against Re.ynolds hTumber in Figures
26 and ;7. The sc;le effeci is slight within the
limits of this investigation, the maximum being
of the order of 2 per cent.

CONCLUSIONS

The greater rolling moment is produced
by the up aileron, the magnitude of the ratio

c. up
C’~down

varying from 1.02 to 1.85, depending on

the -wing section and the angle and dimensions
of Lhe deron.

There is a slightly negative yawing moment
due to the up aileron, which may persist to angles
in the neighborhood of 24° (depending on the
aileron dimensions and angle) before becoming
posi~~e.

The rolIing and yawing moment coefficients
due to one aileron show a fairly uniform increase
with chord or span as the aiIeron angle is in-
creased to 44°-

The effect of rounding the wing corners to a
radius equal to 15 per cent of the chord length of
the wing is alight in the cases of both rolling and
yawing moments.

The effect of scale on rohg and yawing
moments is small between Reynolds NTumbers of
~00,0()() and 440,000.

There is a retion of unstable flow set up

7
FIG. 27.-U. S. A. Zi wing. Aileron span ~ inches. AiIeron chord

3.5 inches. Scale effect

about the aiIerons ;~hen inclined at angles to th; wing chord in the neighborhood of 200. The
effect is much more marked on the rolling moment than on the yawing moment and is usual] y
more marked in the case of the up aiIeron.

The occurrence of larger rolling moments and smaIIer yawing moments in the case of the
up aileron suggests the possibdib~ of controI by means of large aiIerons vrorking through a
smaLI range of angles in the up dwection. SufEcient control could doubtless be obtained, but
whether the proposition would be practicable from a structural standpoint is open to question.

We wish tc point out in concksion that the preceding statements apply only to level flight
at a small angle of attack of the wing. The effect of increasing the angIe of aktack is to modify
greatly the relations shown previously, especially in the neighborhood of the st alEng angle, as
wilI be shown in a subsequent reperk.
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TABLE 1.—CLARK Y WING SECTION—CL AND (7N FOR ONE AILERON

[Varying chord of aileron. Angie of attack of airplane, OO;angle of attack of wing, +4°; angIe of yaw, OO;angle of roll, 0°]

NOTE.—The values apply to either right or left aiIeron; the signs refer to the right aileron

AILERO&- SPAN, 20 INCEES

1.5-inch chord 2.O-inch chord

.Aileron up Aileron down I

I

AiIeron up Aileron down

e

-471

\ @:
cL cx cL c.+-cN~;cL c., CL

0° 0 0 0° 0
$=0115 :.0028

0
4° -.0020 –. 0090 4°= f’. :;:: ~ ~: ;::; –. 0120 $ 2.0040
8° +. 0235 –. 0035 –. 0173 +. 00S7 ii 8U. –. 0212 +. 0076

12° +. 0305 –. 0042 –. 0249 +. 0090 :[ 12° +: 03S2 –. 0040 –. 0290
16°

+. 0125
~: :::: , : ;:;; –. 0313

$ :];; :~ ;:: f +. 0470
–. 0038 –. 0370 +. 0170

20” –. 0370 –. 0020 –! 0430 +. 0215
24° +: 0465 –. 0011 –. 0420 +: 0203 I 24° ! $: %; }

+. 0243 j &
+. 0008 –. 0436

28° +. 0530 +. 0008 –. 0465
:. y%:

32° ~ +. 0595
+. 0678 +. 0040 –. 0479

+. 0030 –. 0503 +. 0285 +. 0730 +. 0070 –. 0519
36° \ +. 0646 +. 0057 –. 0538

+: 0353
+. 0328 ~ j~F3-

40° j +. 0691
+. 0785

+. 0085
+. 0110

–. 0580
–. 0555 +. 0400

+. 0371 +. 0830 $. U:; i –. 0589 +- 0450
44° , +. 0730 +. 0114 –. 0610 +. 0415 ; 44° -k 0876 . ~ -.0618 +. 0500

3.O-inch chord 3.5-inch chord

Aileron up ! Aileron clown Aileron up Aileron dow;n

$ —, ( e- — —–—- —

CL : ON CL C’v ‘: CL C’v cL CA’

~
0° 0 0

$.0185 ;
0° 0

$0038
0

4° –. 0027 –. 0160 4° $ :;;; , –, 0025 –. 0185
+. 0350 –. 0041 –. 0270 +. 0092

$0043

$
–. 0040

+. 0520 ; -.0041 –. 0350 +. 0165 ~ :;;
–. 0306 +. 0095

16° +. 0670 –.. 0028
+: 0550 –. 0038

–. 0413. +. 0235
–. 0402 +. 0175

+-. 0730 –. 0020
20”

–. 0481 +. 0265
+. 0800 ‘ -!-. 0003 –. 0472 +. 0305 20°

24°
+. 0890 +. 0023

+r0860 1 +. 0062 –. 0525 ~ +. 0372 24° +. 0960 +. 0078 ; ~: :::;
+%0340

~: :92: I +. 0121
+. 0408

28° —: 0570 +. 0438 28°
32°

+- 1000
+. 0182

+. 0139 f –. 0595
–. 0606 +. 0500

+. 0475
32° +. 1040 :. t));: ~ –. 0631 +. 0541

36° +: 1030 +. 0244 –. 0640 +. 0560 36° +. 1090
40° +. 1080 +. 0304

–. 0655 +. 0610
–. 0665 +. 0612 40°- +. 1180 +: 0363 –. 0673

44° +, 1120 +. 0365 –. 0686 / +. 0661 44° += 1270 +. 0460
+, 06S0

–. 0686 +. 0748

-
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T.4BLE 11.—CLARK Y WING SECTION—CL AND C.\,FOR ONE AILERON

[Varying span of aiferon. Angie of attmk of airpkme, O“; zngle of attack of wing, +4U; angle of yaw, IT; angle of rOII, 0°]

.Nors.-The values apply to either right m left aileron; the signs refer to the right aileron

AILERO.N CEORD, 2.5 UNCHES

1[

10-inch span II 15-inch span

t .Ailwcmup

0“
4°
‘SO
12°
16”
20°
240
28° !
320 [
36°
40°bgo

I. 00s0
+. 0153
-!-. 0226
+. 0300
+. 0390
+. 0410
+. 0435
+. 0460
+. 0485
+. 050s
+. 0.530

I I—

c.,

o
–. 0013
–. 001s
–. 001s
—. 0012
–. 0002
+. 001s
+. 0041
+. 006S
+. 0096
+. 0125
+. 0155

AiIeron down It

CL

o
—. 0078
–. 0150
–. 0204
—. 0250
–. 0286
-.0300
–. 0333
–. 0356
—- 0372
–- 03s9
—. 0400

I o
C.v

o
+. 0022
+. 0054

+. 0211
+. 0250

+. 0320

I+.0356 40°
+. 03s5 44°

AiIeron up
I

Aileron down

o
+. 0115
+. 0230
+. 0345
+. 0450
+. 0550
+. 0600
+. 0625
+. 0650
+. 06S0
+. 0710
-i-. 0750

k

C.v CL c.\-

0 0 0
–. 0021 –. 0110
–. 0035

+. 0020
–. 0210

–. 0033
+. 0055

–. 0300 +.0111
—. 0022 –. 0395 1 +. 0165
0 —. 0425 .+. 0212

+. 0035 –. 0432 +. 0262
+. 006S
+. 0104 :: :fg I $: :;~:
+. 0140 —. 0520 I +. 0410
+. 01s1 –. 0541 \ +. 0450
+. 0225 —. 0556 +. 04s5

20-inch span

Aileron up AiIeron down

e

- 1

cL C.w cL (71

0° 0
/. 0150

+

o 0
4° –. 0020
so

–. 0125
+. 0300 –. 0040 –. 0230

+. 0035
, +. 0078

12° +. 0440 –. 0030 –. 0325
16° +. 0570 —. 0025

+. 0131
—- ()~lo

20°
+. 0190

+. 0675 –. 0002 –. (345(3 +. 0248
24” +. 0730 +. 003s —. 0475 +. 030s
28° +. 0775 +. 00s0
32°

–. 0540
+. 0s10

+. 0362
+. 0126 –. 0598 +. 0420

36° +. 0s70 +. 0175 —. 0632 +. 0474
40° +. 0925 +. 0220 –. 065S I +. 052S
44° +. 09s5 +- 0270 –. 0670 +. 0580 .-

..—

...—-——-.—
—.-

..=-

—
.-

.—

_.
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TABLE 111.—U. S. A. 27 WING SECTION—C. AND C~ FOR ONE AILERON
[Varying chord of aileron. Angle of attack of airplane, OO;angle of attack of wing, +4°; angle of Yr.w, O“; angle of roll, 0°]

NOTE.—Tbe values apply to either right or left aileron; the signs refer to the right rderon

AILERON SPAN, 20 INCHES

—

1.5-inch chord 2.O-inch chord

Aileron down

I

I Aileron upAileron up Aileron down

61

I CL

—’4

6

0°
4° ;. 0155
8? +. 0285

~~o
+7 0405

16° +. 0495
20° +. 0560
24° ~ +. 0605
28! +. 0645
32° +=0695
36° +. 0745
40° +. 0795
44” \ +. o&55

:.0018
+. 0044
+. 0085
+. 0125
+. 0165
+. 0205
+. 0247
+, 0295
+. 0342
+. 0395
+. 0450

o“

$
12°
16°
20°
24°
28°
32°
36°
40”
44°

0
+. 0126
+. 0230
+. 0320
+. 0390
+. 0430
+. 0460
+. 0505

0
–. 0012
–. 0020
–. 0018
–. 0010

;; 0018
+. 0040
+. 0067
+. 0094
+. 0120
+. 0150

0
–. 0098
–. 0180
–. 0242

L 0015
+. 0032
+. 0055
+. 0080
+. 0110
+. 0142
+. 0180
+. 0217
+. 0262
+. 0311
+. 0360

0
–. 0015
–. 0024
~ 0012

+. 0022
~. ::);

+: 0120
+. 0152
+, 0195
+. .0245

0
–. 0120
–. 0200
–. 0290
–. 0355
–. 0405
–. 0450
–. 0500
–. 0542
–. 0584
–. 0614
–. 0640

–. 0300
–. 0355
–. 0402
–. 0450
–. 0490
–. 0530
–. 0565
–. 0595

>.0560
+. 0615
+. 0672
+. 0710

3. O-in~h chord 3.5-inch chord

I Aileron up

6

Aileron up Aileron down AiIeron down

91
CL CL hCL

+ I
o“
4°
8°

12°
16°
20°
24”
28”
32°
36°
40°
44°

:, 0155
+. 0310
+. 0460
+. 0600
+. 0720
-1-.0825

0
–. 0020
–. 0022
–. 0010
+. 0022
+. 0065
+. 0120
+. 0175
+. 0230
+. 0280
+. 0335
+. 0390

0
–. 0145
–. 0280
–. 0368
–. 0435
–. 0495
–. 0525
–. 0530
–. 0568
–. 0608
–. 0660
–. 0685

+0 0035
+: 0080
+. 0130
+. 0185
+. 0250
$, ;;;;

+: 0440
+. 0500
+. 0558
+. 0615

Ov
4“
8°

12°
16”
20°
24°
28”
32°
36°
40°
44°

-E+.
+7

+.

$:
-h
+.
+.
+.
+.

I
o

–. 0010
–. 0010
+. 0004
+. 0033
+. 0076
::;::

o
–. 0159
–. 0290
–. 0405
–. 0510
–. 0553
–. 0560
–. 0545
–. 0595
–. 0617
–. 0660
–. 0690

:.0035
+. 0079
+-. 0149
+. 0222
+. 0298
+. 0360
+: 0419
+. 0476
+. 0533
+. 0592
+. 0650

0177
0353
0510
0655
0790
0890
0961+. 0860

:. ::]$

+: 0985
+. 1020

+. 0265
+. 0335
:. ;:;;

I I
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TABLE IV.—U. S. A. 27 WING SECTIO~—C~ ~~D—CN FOR ONE A~LERO~

[Verying span of aiIerOn. Ang]e of 8&ack of .3ir@me, no; sngIe of attack of Wins +4”; S@+ of yaw, OO;er@e of roll, F]

No~s.—The vshes 8.PPIF to eitlw right or Mt aiIeroq the sigrts refer to the right aileron

AILERON CHORD 2.5 INCHES

10-kmhspan 15-inch span

AiIeron up - Meron down Aileron up Aileron down

e @

~ 1 1 1

cL CA, CL CN cL CM cL CN
>

0° 0 0
$.0069

0 0° 0 0
–. oob9 —- 0055 +. 0015 4“ :.0120 –. 0010 –. 0100 :.0025

$ +. 0140 –. 0011 –. 010s +. 0036 8° +. 0230 –. 0010 –. 0200 +. 0055
12° +. 0211 –- 0010 –. 0161 +. 0065 12” +. 0330 –. (3004 –. 026s +. oa90
16° +. 0290 –. 0211 +. 009s ‘ 16° +. 0426

$0021
+. 0010 –. 0318 +. 0127

20° +. 0375 —. 0257 +. 0130 20° +. 0500 +. 0036 –. 035s +. 0171
24° +. 0397 +. 004-4 —. 029.5 +. 0163 24° -i-. 0534 +. 0063 –. 0390 +. 021s
2s0 +. 03s5 +. 0069 –. 0310 +. 019s 2s0 +. 0557 +. 0095 –. 0414 +. 0260
32° +. 0412 +. 009s –. 0328 +. 0232 32° +. 0590 +. 0131 –. 0440 +. 0300
36° +. 0450 +. 012s –. 0348 +. 0270 36° +. 0630 +. 0172 –. 0465 +. 0343
40° +. 0490 +. 0159 –. 036S +. 0310 40° +. 06S5 +. 0219 –. 0490 +. 0382
44° +. 0530 +. 0191 –. 03S2 +. 0350 44° +. 0745 +. 0269 –. 0514 +. 0420

I 20-inch span

I Aileron up

0°
4°
8°
12°
16°
20°
24°
28°
32°
36°
40°
44°

0
+-
J_

t.

-F.
+.
-i-.
+-
J-

L.i.
-F.
J-

,.

-i-.

0720
0775
0s30
0SS6
0940

1 1

CN

0
–. 001s
–. 0020
–. 0010
+. 0013
+. 0049
+. 00s5
+. 0124
;. 0170
+. 0217
+. 0270
+. 0322

Aileron down

o
–. 0129
–. 0238
–. 0330
–. 0405
—. 0445
—. o~6s
–. 0494
–. 0526
–. 056S
—. 0610
–. 0650

;. 0025
+. 0061
+. 0101
+. 0145
+. 0196
+. 0250
+. 0304
+. 0360
+. 0412
+. 0465
+. 0520

—-

.——

-=

.—
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TABLE V.-CLARK Y ‘ilTING SEC!l “ \’.4LUES OF CL AND C)/, RIGHT AILERON. ~om+N

[1’arying chord of aileron. Angle of attack of airplane, O“; angle of attack of wing, +4”; angle of yaw, OO;angIe of roll, 0°]

.41LERON SP.kN, 20 INCHES
-. .=. . . . .

1.5-inc~ chord i 2.O-inch chord
i

3.O-inch chord

-

3.5-inch chord
1“-

l—
c.

?. 0345
.+. 0620
‘+. 0s70
“$. m;

+: 1385
+. 1490
+. 1576
+. 1670
+. 1745
+. 1S06

CA?

o
–. 0065
–. 0133
–. 0206
–. 0263
–. 0302
–. 0310
–. 0317
–. 0318
–. 0316
–. 0308
–. 0296

CL CN’e c.

2.0270
+. 0492
+. 0672
+. 0840
+. 0975
+. 1050
+. 1157
+. 1249
+. 1340
+. 1419
+. 1494

c.,r 1e0

0°
4°

lx
16°
20°
24”
28°.
32°
36°
40°
44”

I 1

:.0379 ~–”oowl
+. 06S36~—.0135
+. 0952 .–. 0213
+. 1211 f—. 0285 ,
+. 1420 ,–. 0317
~. :$2: ~–. 0330

–. 0336
+: 1671 ;–. CL331
+. 1745 p. om37 }
+. 1853 –. (?317
+. 1956 –. 02S8

h———
_ 0048[ l):o

—. 0092 $ 8“
–. 0132 : 12°
–. 0165 : 16°

0 0°
–. 0064 4°
–. 0111
–. 016.5 lx
–. (Ems 16°

t. 0205
+. 040s
+< 0554
+. 0703
+. 0s35
+. 0885
+. 0995
+. 1098
+. 1184
+. 1271
+. 1340 –. 0301 ; 44° –. 0310 44°

i

TABLE W.-CLARK Y WING SECTION—COMBINED VALUES OF 0~ AND C.T, RIGHT AILERON
UP, LEFT .41LERON DOWN —..

[T’arying span of aileron. Angie of attack of airplane, OO;angle of attack of wing, +4”; angle of yaw, OO;angle of roll, 0°1

AILERON CHORD, 2.5 INCHES

15-inch span

.—

I
.

20-inch span10-inch span

C’,y C,v Ie I CL

0°
4° :.0158
8° *. 0303

12°
16° i ;: ~%:
20° +. 0676
24° +. 0710
28° +. 0765
32° +. 0816
36° +. 0857
405 +. 0897
44° +. 0930

o
–. -0041
–. 0090
–. 0144
–7,.0187
-.0212
–. 0227
–. 0242
–. 0254
–:0270
–. 0269

0
–. 0055 1
–. 0118 1
–. 0161
—. 0215
-.0250
–, 0270

02s2 1
=: 0294 f
–. 0299
–. 0306
–. 0310 \

–. 0035
–. 0072
–. 0113
–. 0145
–. 0175
–. 0193
–. 0209
–. 0220
–. 0224
–. 0231
–. 0230
,

24” k +. 1205
28° +. 1315
32° +. 1408
36” +. 1502
40° +. 1583
44° +. 1655–. 0260

I I— ——
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TABLE VH.-U. S. A. 27 WING SECTION—COMBINED VALUES OF CL AND G-r,RIGHT AILERON
UP, LEFT .41LERON DOWN

[Varying chord of aileron. Angie of attack of airplane, O“; sngIe of atb$z of wfng, +4°; sngle of yaw, W; srtgIe of roll, WI

AILERON SPAN-, ZI LN-CHES

1.5-in~h chord
[

2.O-inch chord 3.o-in& chord 3.5-inch chord

+’&l
:2~~:7 ‘:33 ;J;;,, :;,,, + h, ;:,

so ‘ +-. 0410

I ~ ‘.

—. 0052 ~ S0 -i-. 04S5 —. 006S
12° I +. 0562 –. 13(173 12° I +. 0695 –. 0097 \ 12° [ ;: 0s2s –- 0140 12°
16° ; +. 0690 —. 0090 16° 1 +. 0S50 —. 0125 16° i +. 1035 —. 0163 16°

+. 0915 :—: 0145

I

+. 1165 -. 01S9
20” +. 0785 —. 0110 20° +. 0965 —. 0143 20° ! +. 1215 —. 01s5 , 20° -!-. 1343 !—. 0222
24” r +. 0S62 —. 0124 I 24° +. 1055 –. 0155 24° i +. 1350 —. 0192 24.0 +. 1450 !–. 02,30
28°

1
+. 0955 —. 0140 2s0 ! +. 1145 –. 0164 2s0 [ +. 1390 –. 0197 : 28° +. 1506 ~—.0224

32° , +. 1050 –. 0150 32” ! +. 1237 –. 0175 32” j +. 1472 –. 0210 ! 32° +. 1611 ;–. 0211
36° +. 1145 –. 0168 36° [ +. 1329 –. 0190 36°
40” +. 1237 –. 0191 40° i +. 1409
44° +. 1305 —. 0210 44° +. 1495

--0200 40° ~ t: ;::: 1: :~,g i :g
+{ !:? l:” ;:%—. 0205 44” ~ +. 1705 —. 0225 ~ 44°

111: -

TABLE VIII.—U- S. A. 27 WING SECTION—COMBL??ED VALUES OF CL AND C.yjRIGHT AILERON
UP, LEFT AILERON DOWN7

[Vsrying spsn of nileron. Angle of aitw’k of sfrplane, OO;angfe of attack of wing, +4°; sngIe of yaw, V; s.ngle of roll, 0°]

.41LEROX1 CHORD, 2.5 INCHES

I 10-inch span ‘t

E—4

—

c?? 6

0 0°
–. 0024 4°
–. 0047 so
—. 0076 12°
—. 009s 16°
–. 0109 20°
—. 0119 24°
–. 0129 2s0
—. 0134 I 32°
–. 0142 36°
–. 0151 40°
—. 0159 44°

+. 059s j –. 0094
+. 0744 ~ —. 0117
+. 0s5s ~ –. 0135
+. 0924 –. 0155
+. 0971
+. 1030
+. 1095
+. 1175
+. 1259

—. 0165
–. 0169
—. 0171
–. 0163.
–. 0151

%

0°

F
12°
16°
20°
24°
28°
32”
36°
40”<4.

20-inch span

CL

~. 0284
+. 0533
+. 0750
+. 0940
+. 1075
+. 112s
+. 1214
+. 1301
+. 139s
+. 1496
+. 1590

—

C.v

o
–. 0043
–. 00s1
–. 0111
–. 0132
–. 0150
–. 0165
–. 01s0
–. 0190
–. 0195
–. 0195
–. 019s

.—.

——

—

.=___

.-
.—_.—”

.—.——-

——
—

.——


